Appl. No. 10/807,449 

Amendment and Reply to Office Action dated December 19, 2007 
In response to Office Action dated June 22, 2007 

REMARKS 

Claims 1 and 3-43 are pending. Of those claims, claims 3, 5, 9, 12-18, 21- 
22, 25-43 are withdrawn. Applicants have canceled claim 2 without prejudice or waiver 
of applicants' right to file for and obtain claims directed to any canceled subject matter in 
future divisional or continuing applications claiming priority from this application. Upon 
entry of this amendment, claims 1, 4, 6-8, 10, 1 1, 19, 20, 23 and 24 are under 
examination. 

Applicants have amended claim 1 to specify that the cytokine-expressing 
cellular vaccine comprises proliferation-incompetent tumor cells that express GM-CSF. 
Support for this amendment is provided, for example, at specification page 4, lines 1; 
page 12, lines 13-22; page 15, lines 1-12; page 18, lines 10-1 1; page 20, lines 13-14 and 
lines 24-26; page 32, lines 1-4; and original claims 2 and 6. 

Applicants have amended claims 4, 6-8, 1 1, 19, 23 and 24 to remove and 
correct the claim dependency from canceled claim 2. 

None of the amendments introduces new matter. 

THE REJECTIONS 

35 U.S.C. § 112, first paragraph (enablement) 

Claims 1. 2. 4. 6-8. 10. 11. 19. 20. 23. 24 and 26 

The Examiner has rejected claims 1, 2 (canceled), 4, 6-8, 10, 1 1, 19, 20, 
23, 24 and 26 (withdrawn) under 35 U.S.C. § 1 12, first paragraph for lack of enablement. 
The Examiner contends that the specification does not provide a sufficient enabling 
description of a method for cancer therapy comprising administering a cellular vaccine in 
view of the Cancer Vaccine Fact Sheet from the National Cancer Institute (updated June 



8 



Appl. No. 10/807,449 

Amendment and Reply to Office Action dated December 19, 2007 
In response to Office Action dated June 22, 2007 

8, 2006). Specifically, the Examiner states that the Cancer Vaccine Fact Sheet states 
"that there are no licensed therapeutic vaccines to date" and concludes that it would take 
undue trial and error to practice the claimed invention. (Office Action, pp. 2-3). 

Applicants have amended claim 1 (and claims dependent therefrom) to 
specify that the method for cancer therapy comprises administering a cytokine-expressing 
cellular vaccine comprising proliferation-incompetent tumor re lls that exp ress GM£SF 
The proliferation-incompetent tumor cells are administered in combination with at least 
one additional cancer therapeutic agent selected from a specific group of agents. 
Applicants respectfully submit that the specification provides adequate enablement for 
the claims as amended. The specification describes that vaccination of proliferation- 
incompetent (e.g., by irradiation) tumor cells engineered to secrete GM-CSF stimulates 
potent, long-lasting and specific anti-tumor immunity that prevents tumor growth in a 
majority of mice challenged with non-transduced tumor cells (see, e.g., p. 29, line 2 to p. 
30, line 4; p. 31, lines 21-23; p. 39, line 28 to p. 40, lines 28-30; p. 40, lines 23-27). This 
is in contrast to the Examiner's contention that cellular vaccines would require undue 
experimentation. 

The specification also describes that the combination of the cytokine- 
expressing cellular vaccine comprising proliferation-incompetent tumor cells that express 
GM-CSF and at least one additional cancer therapeutic agent is expected to increase the 
efficacy of anti-tumor protection. The specification describes several examples in which 
the combination of cellular vaccines comprising proliferation-incompetent tumor cells 
that express GM-CSF with cancer therapeutic agents results in enhanced therapeutic 
potency and efficacy relative to monotherapy (see, e.g., Examples 1-8). 
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Based on these results, one of skill in the art would recognize that 
administering the specific combination of a cytokine-expressing cellular vaccine 
comprising proliferation-incompetent tumor cells that express GM-CSF with at least one 
additional cancer therapeutic agent selected from a specific group of agents, as recited in 
the amended claim, would result in enhanced therapeutic potency and/or efficacy relative 
to monotherapy. Thus, applicants respectfully submit that the present application 
provides sufficient enablement for one skilled in the art to make and use the invention 
without undue experimentation. Accordingly, applicants request that the Examiner 
withdraw the rejection. 

35 U.S.C. $ 112. first paragraph (written description) 

Claim I 

The Examiner has rejected claim 1 under 35 U.S.C. § 1 12, first paragraph 
for lack of written description. The Examiner contends that applicants are not in 
possession of the term "cytokine-expressing cellular vaccine" because the specification 
discloses one example of a cytokine-expressing cellular vaccine, in particular, a vaccine 
expressing GM-CSF. The Examiner further contends that given the limited written 
description in the specification, the skilled artisan cannot envision all the contemplated 
structural possibilities of the cytokine-expressing cellular vaccine encompassed by the 
claims. 

Applicants have amended claim 1 (and claims dependent therefrom) to 
specify that the cytokine-expressing cellular vaccine comprises proliferation-incompetent 
tumor cells that express GM-CSF, thereby obviating the Examiner's rejection. 
According, applicants request that the Examiner withdraw this rejection. 
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35 U.S.C. S 102( a) 

Claims 1-2. 4. 6-7. 11. 19-7Q. 23-24 and 26 

The Examiner has rejected claims 1, 2 (canceled), 4, 6-7, 11, 19-20, 23-24 
and 26 (withdrawn) under 35 U.S.C. § 102(a) over Gri et al, "OX40 ligand-transduced 
tumor cell vaccine synergizes with GM-CSF and requires CD40-Apc signaling to boost 
the host T cell antitumor response," J. Immunol, 170:99-106 (2003) ("GW"). The 
Examiner states that Gri discloses a method of treating colon carcinoma by administering 
carcinoma cells transduced to express GM-CSF and OX40 ligand. The Examiner states 
that Gri teaches that OX40 ligand is functionally equivalent with anti-OX40 antibodies 
and concludes that a method of treating cancer by administering GM-CSF-expressing 
cells and anti-OX40 antibodies is inherent in the teachings of Gri. The Examiner further 
states that Gri further teaches that the GM-CSF-expressing cells are inactivated by 
irradiation and envisions using the method for human therapy. 

Applicants respectfully traverse and submit that Gri fails to teach or 
suggest each and every limitation of the amended claims. In essence, the Examiner 
alleges that if OX-40 ligand can treat cancer when administered with GM-CSF- 
expressing cells (as suggested by Gri), then anti-OX40 antibodies must necessarily also 
treat cancer when administered with GM-CSF-expressing cells and, therefore, the 
claimed invention is inherently anticipated. But, for a reference to inherently anticipate, 
the unstated or implicit limitation or feature must "necessarily be present" when the 
reference is practiced or applied. In other words, the missing limitation must occur as a 
certainty, the "mere possibility" that the reference may sometimes result in the limitation 
or characteristic is not enough. Here is how the Federal Circuit explained the inherency 
requirement in the well-known Continental Can case: 
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Inherency, however, may not be established by probabilities or 
possibilities. The mere fact that a certain thing may result from a 
given set of circumstances is not sufficient. If, however the 
disclosure is sufficient to show that the natural result flowing from 
the operation as taught would result in the performance of the 
questioned function ... the disclosure should be regarded as 
sufficient. 

Continental Can Co. v. Monsanto Co., 948 F.2d 1264 1269 (Fed 
Cir. 1991) (emphasis added). 

In Continental Can, of course, the Federal Circuit vacated the district 
court's finding of inherent anticipation and remanded the case so the court could get it 
right. See Schering Corp. v. Geneva Pharms. Inc., 339 F.3d 1373, 1377-1378 (Fed. Cir. 
2003) (setting forth the "necessary and inevitable" test of inherent anticipation); see also 
SmithKline Beecham Corp. v. Apotex Corp., 74 U.S.P.Q.2d 1398, 1407 (Fed. Cir. 2005) 
(accepting inherent anticipation argument because producing PHC anhydrate according to 
the earlier reference "inevitably results" in production of at least some of the claimed 
PHC hemihydrate). 

Applicants respectfully submit that the Gri disclosure does not necessarily 
and inevitably lead to treatment of cancer when anti-OX40 antibodies are administered 
with GM-CSF-expressing cells. Gri discloses that only 30% of mice injected with C26 
colon carcinoma cells transduced with both the GM-CSF gene and the OX-40 ligand gene 
(C26/GM/OX40L) developed tumors and half of the mice showed subsequent tumor 
regression. Gri also discloses that the overall survival of mice injected with 
C26/GM/OX40L was 85% and that all mice rejected a subsequent challenge with live 
C26 cells, indicating the development of immunological memory. Gri also discloses that 
when the dose of C26/GM/OX40L cells was increased, the tumor grew in all mice and 
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regressed in a smaller number of cells, suggesting that tumor burden is a major obstacle 
to immune-mediated rejection. 

The Examiner points to the last paragraph of Gri on page 105 as his 
support that OX40 ligand is functionally equivalent to anti-OX40 antibodies. The 
Examiner's analysis is incorrect. The last paragraph of Gri states, in part, that "[r]ecent 
adoptive immunotherapy experiments have shown that the coadministration of anti-OX40 
Ab reduces the number of transferred T cells required to obtain remission of pulmonary 
metastasis and intracranial tumors" (citing Kjaergaard et al., "Therapeutic Efficacy of 
OX-40 Receptor Antibody Depends on Tumor Immunogenicity and Anatomic Site of 
Tumor Growth," Cancer Research, 60:5514-5521 (2000) ^Kjaergaard\ a copy of 
which is submitted herewith as Exhibit A). 

To counter the Examiner's contention that the claims are inherently 
anticipated, Applicants point to the disclosure of Kjaergaard that describes experiments 
showing that anti-OX40 antibodies do not necessarily and inevitably treat cancers and 
that the therapeutic efficacy of anti-OX40 antibodies (referred to as OX40 receptor mAb 
in Kjaergaard) was influenced by a number of factors including the tumor burden, the 
intrinsic immunogenicity of the tumor as well as the histological site of tumor growth. 

In particular, Applicants submit that Kjaergaard describes that "[w]hereas 
subdermal and intracranial growth of weakly immunogenic MCA 203 and MCA 205 
sarcomas and GL261 glioma were susceptible to the mAb treatment, established 
pulmonary MCA 205 metastases were refractory to the same regimen of treatment. 
Furthermore, the mAb administration had no impact on the growth of the poorly 
immunogenic B16/DS melanoma." (emphasis added; Abstract, p. 5514). Kjaergaard 
concludes that the "successful treatment is mAb dose-dependent and effected by the 
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intrinsic immunogenicity of tumors. It is also evident that the response of a particular 
tumor to the treatment varies and is dependent on the histological location of tumor 
growth." (see, p. 5517, first full paragraph). Based on Kjaergaard, anti-OX40 antibodies 
do not, in fact, necessarily and inevitably result in the treatment of cancer. 

Thus, the simple relationship between OX-40 ligand and anti-OX40 
antibodies that is presumed by the Examiner from the Gri disclosure is contradicted by 
the results described in Kjaergaard. That is, the effect of OX-40 ligand on the treatment 
of cancer would not have allowed one of skill in the art to predict the effect of anti-OX-40 
antibodies on the treatment of cancer. Thus, there is not a necessary or inevitable 
correlation between the activities of OX-40 ligand and anti-OX40 antibodies. 

Overall, Applicants submit that Gri fails to teach or suggest the claimed 
invention, either explicitly or inherently. Accordingly, Applicants submit that Gri fails to 
anticipate the instantly claimed methods and request that the rejection under 35 U.S.C. § 
102(a) be withdrawn. 

35 U.S.C. SS 102(a) and (el 

Claims 1-2. 4. 6-8. 10. 11. 19-20. 23-24 and 26 

The Examiner has rejected claims 1,2 (canceled), 4, 6-8, 10, 1 1, 19-20, 
23-24 and 26 (withdrawn) under 35 U.S.C. §§ 102(a) and 102(e) over US Patent 
Publication 2003/0035790 ("Chen"). The Examiner states that Chen discloses a method 
for treating cancer by administering a recombinant adenovirus engineered to express GM- 
CSF and an anti-OX-40 antibody. The Examiner states that Chen discloses that GM-CSF 
may be expressed in mammalian cells and discuss a cancer vaccine approach, wherein 
cancer cells are isolated from patients, transduced in vitro, irradiated, and administered to 
patients. The Examiner concludes that based on the disclosure in Chen, one of skill in the 
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art would immediately envisage a method wherein the GM-CSF expressing cells are 
administered, along with anti-OX-40 antibodies, to treat cancer. The Examiner further 
states that Chen discloses that the methods can be applied to treating prostate cancer. 

Applicants have amended claim 1 (and claims dependent therefrom) to 
specify that the cytokine-expressing cellular vaccine comprises proliferation-incompetent 
tumor cells that express GM-CSF. Applicants respectfully submit that Chen fails to teach 
or suggest each and every limitation of the amended claims. 

Chen discloses compositions and methods of treating diseases such as 
cancer by administering one or more compounds that activate one or more cytokine 
receptors and one or more compounds that activate one or more costimulatory molecules 
expressed by activated immune cells. In particular, Chen discloses injecting MCA26 
tumor-bearing mice intratumorally with an adenovirus expressing mGM-CSF (see, e.g., 
Example 10). Chen also discloses inducing metastatic colon cancer by implanting 
MCA26 tumor cells into the left lobe of the liver and then subsequently injecting 
adenovirus expressing mGM-CSF into tumor-bearing mice (see, e.g., Example 1 1). 

In contrast, the claimed invention relates to the administration of a 
cytokine-expressing cellular vaccine comprising proliferation-incompetent tumor cells 
that express GM-CSF. Chen does not teach or suggest this feature of the claimed 
invention. Rather than using proliferation-incompetent tumor cells to express GM-CSF, 
Chen describes injecting adenovirus expressing mGM-CSF directly into tumor-bearing 
animals. Therefore, Chen fails to teach or suggest this limitation of the amended claims. 

Furthermore, the claimed invention also requires the administration at 
least one additional cancer therapeutic agent in combination with the cytokine-expressing 
cellular vaccine comprising proliferation-incompetent tumor cells that express GM-CSF, 
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wherein the combination results in an enhanced therapeutic effect compared to 
monotherapy. Chen also does not teach or suggest this particular combination. 
Therefore, Chen fails to teach or suggest each and every limitation of the amended 
claims. Accordingly, applicants request that the Examiner withdraw this rejection. 

35 (JSC SI 01 - Nonstatutory Double Patenting 

Claims 1-2. 4. 6-8. 10, 11. 19-20. 23-24 and 26 

The Examiner has provisionally rejected claims 1, 2 (canceled), 4, 6-8, 10, 
11, 19-20, 23-24 and 26 (withdrawn) on the ground of nonstatutory obviousness-type 
double patenting as allegedly unpatentable over claims 1-33 of copending Application 
No. 10/404,662. 

Applicants request that the present basis for the provisional rejection be 
held in abeyance until applicants are notified that claims in the instant application are 
otherwise allowable. 

35 U.S.C. $ 103(a) - Provisional rejection 
Claims 1-2. 4. 6-8. 10. 11. 19-20. 23-24 and 26 

The Examiner states that claims 1, 2 (canceled), 4, 6-8, 10, 11, 19-20, 23- 
24 and 26 (withdrawn) are directed to an invention not patentably distinct from claim 1- 
33 of commonly assigned Application No. 10/404,662. The Examiner states that the 
USPTO normally will not institute an interference between applications or a patent and an 
application of common ownership (citing MPEP Chapter 2300). The Examiner states 
that commonly assigned Application No. 10/404,662 would form the basis for a rejection 
of the noted claims under 35 U.S.C. § 103(a) if the commonly assigned case qualifies as 
prior art under 35 U.S.C. § 102(e), (f) or (g) and the conflicting inventions were not 
commonly owned at the time the invention in this application was made. The Examiner 
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states that in order to resolve this issue, the assignee can, under 35 U.S.C. § 103(c) and 35 
CF.R. § 1.78(c), either show that the conflicting inventions were commonly owned at the 
time the invention in this application was made, or name the prior inventor of the 
conflicting subject matter. 

Applicants respectfully submit that the invention of copending Application 
No. 10/404,662 and the present claimed invention were commonly owned by and subject 
to assignment to Cell Genesys, Inc. at the time the present claimed invention was made. 
The inventors of copending Application No. 10/404,662 (Moskalenko, Li, Aung, Prell, 
Creson, and Jooss) were all employed by and obligated to assign inventions to Cell 
Genesys, Inc. at the time the subject matter in Application No. 10/404,662 was invented. 
The inventors of the pending case (Moskalenko, Li, Aung, Prell, Creson, Jooss and Du) 
were all employed by and obligated to assign inventions to Cell Genesys, Inc. at the time 
the subject matter in the pending case was invented. See the assignment for Application 
No. 10/404,662 (Reel 014451, Frame 0187) (executed August 8, 2003 and August 19, 
2003) (Exhibit B) and the assignment in the pending case (Reel 015754, Frame 0515) 
(executed July 1, 2004) (Exhibit C) (copies enclosed). Applicants also enclose copies of 
the Notice of Recordation of Assignment as received from the USPTO for Application 
No. 10/404,662 (Exhibit D, recorded September 2, 2003) and the pending case (Exhibit 
E, recorded September 2, 2004). Applicants respectfully submit that they have satisfied 
the requirements under 35 U.S.C. § 103(c) and 35 CF.R. § 1.78(c) to show that the 
conflicting inventions were commonly owned at the time the invention in this application 
was made. 
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CONCLUSION 

In view of the above, applicants request that the Examiner examine the 
pending claims in this application. Applicants request favorable consideration and early 
allowance of the pending claims. 



Respectfully submitted, 



James F. Haley, Jr. (Reg. No. 27,794) 
Connie Wong (Reg. No. L0104) 
Attorneys for Applicants 
c/o ROPES & GRAY LLP 
(Customer No. 1473) 
1211 Avenue of the Americas 
New York, New York 10036 
Telephone (212) 596-9000 
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ABSTRACT 

The OX-40 receptor (OX-40R) is a cell surface glycoprotein of the 
tumor necrosis factor receptor family that is expressed primarily on 
activated CD4 T cells. Engagement of OX-40R by the OX-40 ligand 
(OX-40L) is known to costimulate the production of cytokines by activated 
T lymphocytes and to rescue effector T cells from activation-induced cell 
death. It was previously reported that in vivo ligation of OX-40R by 
administration of OX-40L:immunog!obulin fusion protein or OX-40R 
monoclonal antibody (mAb) resulted in a significant prolongation of 
survival of tumor-bearing mice in four histologically distinct solid tumors. 
In this study, we demonstrate that the therapeutic efficacy of OX-40R 
mAb was influenced by the tumor burden, the intrinsic immunogenicity of 
the tumor as well as by the histological site of tumor growth. Whereas 
subdermal and intracranial growth of weakly immunogenic MCA 203 and 
MCA 205 sarcomas and GL261 glioma were susceptible to the mAb 
treatment, established pulmonary MCA 205 metastases were refractory to 
the same regimen of treatment. Furthermore, the mAb administration 
had no impact on the growth of the poorly immunogenic B16/D5 mela- 
noma. Tumor regression mediated by OX-40R mAb was dependent on the 
participation of both CD4 and CD8 T cells and as a result of tumor 
rejection, a long-term tumor-specific immunity was established. Analysis 
of tumor-infiltrating T cells revealed the presence of a far greater number 
of OX-40R+ T cells of both CD4 and CDS phenotypes in the intracranial 
immunogenic GL261 glioma than that in the poorly immunogenic BWDS 
melanoma. These results suggest that ligation of OX^tOR on activated T 
cells in situ in the tumor may provide a necessary costimulatory signal to 
augment immune responses leading to tumor regression and immunolog- 
ical memory. 

INTRODUCTION 

An important goal of cancer immunology and immunotherapy is to 
understand fundamental principles of immune responses to tumors. 
This will lead to the design of strategies to enhance tumor antigen 
recognition by cells of the immune system and to channel reactive 
pathways for therapeutic benefits. Rejection of tumors through im- 
mune responses is primarily mediated by T cells. Growing evidence 
indicates that T cells require at least two physiologically distinct 
signals to become activated (1,2). The first signal is generated by the 
interaction of T cell antigen receptors and antigenic peptide/MHC 
class I or II complexes on APCs\ e.g.. tumor ceils or dendritic cells. 
The second signal is delivered by costimulation molecules on APCs 
through their counter receptors on T cells (3-6). Without costimula- 
tion, exposure of T cells to antigen may induce unresponsiveness or 
anergy (7, 8). Thus, augmentation of costimulation has been an 
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attractive approach to enhance weak immune responses during pro- 
gressive tumor growth. 

There are several known molecules that can provide costimulation 
(5, 9). The best characterized costimulatory signal is the one delivered 
to the T-cell CD28 receptor by its ligand B7.1 (CD80) or B7.2 
(CD86). In many murine tumors, transduction of tumor cells to 
express B7.1 or B7.2 resulted in the loss of tumorigenicity (10-12). 
Immunization with such modified tumor cells elicited protective im- 
munity against challenges with wild-type tumors and in some cases, 
mediated regression of existing tumors (10). In addition, several other 
membrane-bound receptor-ligand pairs can also serve to be costimu- 
lators for T-cell activation. In particular, members of the tumor 
necrosis factor receptor superfamily have been shown to share the 
ability to enhance or costimulate the process of T-ceil activation 
(13-17). This family consists of the CD30, CD40, CD27, Fas (CD95), 
DR3, 4-lBB, and OX-40. The 4-1BB receptor binds to a high- 
affinity ligand (4-1 BBL) expressed on several APCs such as dendritic 
cells, macrophages, and activated B cells. Expression of 4-lBB is 
somewhat restricted to primed CD4, CD8 T cells, and natural killer 
cells (18). Of particular significance is the observation that adminis- 
tration of 4-1 BB mAb as a single agent could eradicate well-estab- 
lished tumors in mice (19). Although both CD4 and CD8 participated 
in the antitumor immune responses, the stimulation of a CD8 CTL 
response was particularly striking. The CTL activity generated from 
4-IBB mAb-treated mice was increased up to approximately 65 times 
compared with that of spleen cells from control animals. Thus, liga- 
tion of costimulation receptors in vivo may augment natural immunity 
to the growing tumors sufficient to induce their regression. 

Until recently, the OX-40 receptor-ligand costimulation system has 
received relatively little attention for exploitation of it ability to 
enhance antitumor immunity because due to the fact that the receptor 
expression was reportedly confined to primed CD4 T cells only (20). 
The OX-40R has a very distinct pattern of expression in animals with 
EAE. At the inflammatory site, it appears that T cells expressing the 
OX-40R are cells that recognized the autoantigen and were involved 
in the pathogenesis of EAE (21-23). Additional analyses of tumor- 
infiltrating lymphocytes and tumor-draining lymph nodes from mel- 
anoma, breast cancer, and head and neck cancer patients identified the 
presence of OX-40R+ cells (24, 25). These findings along with our 
recent demonstration that tumor-specific CD4 T cells isolated from 
L-selectine ,ow cell population of tumor-draining lymph nodes medi- 
ated tumor regression without the participation of CD8 T cells (26) 
have inspired the inception of the hypothesis that in vivo ligation of 
the OX-40R on T cells may augment of antitumor immunity. 

Recent work has tested the therapeutic efficacy of the OX-40L: 
immunoglobulin fusion protein as well as specific OX-40R mAb for 
the treatment of four antigenically and histologically distinct murine 
tumors (25). In each mmor, treatment by ligation of OX-40R in vivo 
resulted in a significant improvement in survival of the tumor-bearing 
mice. The anti-OX-40R effects were dose-dependent and immunolog- 
ically mediated. In the current study, we further analyzed the immu- 
nomodulatory function of the in vivo administered OX-40R mAb in 
mice bearing tumors of various immunogenicities as well as tumors 
inoculated at different anatomical sites. Our results suggest that the 
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therapeutic responses may be predicated ta':;.c extent of OX-40R 4 * T 
lymphocytes infiltrating the growing tumor. 



MATERIALS AND METHODS 

Animals. Female C57BL/6N (B6) mice, 6-8 weeks old, were purchased 
from the Biological Testing Branch, Frederick Cancer Research and Develop- 
ment Center, National Cancer Institute (Frederick, MD). They were maintained 
in a specific pathogen-free environment according to National Institutes of 
Health guidelines and were used for experiments at the age of 8-12 weeks. 

Tumors. The MCA 203 and MCA 205 fibrosarcomas are 3-methylchol- 
anthrenc-induced tumors of B6 origin (27). The tumors have been routinely 
passed in vivo by serial s.c. transplantation in syngeneic mice and were used 
within the fifth to the eight transplantation generation. Single-cell suspensions 
were prepared from solid tumors by digestion with a mixture of 0.1% colta- 
genase, 0.01% DNasc, and 2.5 units/ml hyaluronidase (Sigma, St. Louis, MO) 
for 3 h at room temperature. The cells were filtered through a layer of no. 100 
nylon mesh, washed, and resuspended in HBSS. BI6/D5 is a poorly immu- 
nogenic subclone of the spontaneously arising B16/BL6 melanoma (28). The 
B16/D5 tumor does not exhibit a detectable level of MHC class T (H-2 D b and 
K b ) and class II molecules. These tumor cells were maintained in culture in 
CM. CM consisted of RPMI 1640 supplemented with 10% heat-inactivated 
FCS, 0. 1 mM nonessential amino acids, 1 /am sodium pyruvate, 2 niM fresh 
L-glutamine, 100 /xg/ml streptomycin, 100 units/ml penicillin, 50 /xg/ml gen- 
tamicin, and 0.5 ttg/ml fungizone (all from Life Technologies, Grand Island, 
NY), and 5 X 10~ 5 m 2-mercaptoethanol (Sigma). GL261 glioma, originally 
induced by intracranial implantation of methylcholanthrcne pellets in a B6 
mouse, was obtained from the Division of Cancer Treatment Repository 
(Frederick, MD; 29). The GL261 tumor cells was maintained in continuous 
culture in CM. Cultured B16/D5 or GL261 tumor cells were harvested after a 
short incubation at 37°C with a solution containing 0.25% trypsin and 0.02% 
EDTA (Life Technologies, Inc., Grand Island, NY). The tumor cells were 
washed and resuspended in HBSS for animal inoculation. 

Tumor Inoculation. B6 mice were given s.d. injections with 1 X 10 s to 
1 .5 X I0 6 MCA 205 tumor cells suspended in 100 jxl of HBSS to initiate tumor 
growth. The diameters of s.d. tumors were measured twice weekly with a 
Vernier caliper, and size was recorded as an average of perpendicular meas- 
urements and presented as individual tumor growth curves. Mice were killed 
when the dermal tumor reached a size greater than 20 mm. To establish 
intracranial tumors, B6 mice were anesthetized with 0.8 mg of pentobarbital 
i.p. and inoculated with 10 of tumor cell suspension transcranially using a 
27-gauge needle and glass tuberculin syringe (Perfectum; Popper & Sons, Inc, 
New Hyde Park, NY). The needle insertion was perpendicular to the skull and 
in line with the anterior margin of the car and the medial half of the right eye. 
The depth of insertion was controlled by placement of electric wire insulation 
as a collar over the needle with exposure of the terminal 4 mm. To establish 
pulmonary metastases, mice were given i.v. injections with 1 X 10 5 MCA 205 
tumor cells suspended in 1 ml of HBSS. On day 21, mice were killed, and 
metastatic tumor nodules on the surface of the lung were enumerated after 
counterstaining with India ink. 

mAb to OX-40R and Treatment Protocol. Hybridoma that produced the 
antimurine OX-40R-specific mAb (termed OX-86) was obtained from the 
European Collection of Animal Cell Cultures (30). The hybridoma was grown 
in RPMI medium containing 10% FCS that was depleted of immunoglobulin 
by passing it over protein G columns. The cells were grown to high density, 
and the supernatant was poured over a protein G column, and purified antibody 
was cluted. Antibody concentrations were quantitatcd by absorption at 280 nm. 
In most experiments, tumor-bearing mice were treated with the mAb on days 
3 and 7 after tumor inoculation by i.p. injections. Doses of mAb are indicated 
in the figure legends. 

Depletion of T-Ccll Subsets in Vivo. Ascites for the rat lgG2b mAb 
against murine CD4 (GKI.5, L3T4) and CD8 (2.43, Lyt 2.2) was produced in 
sublethal ly irradiated (500 R), cyclophosphamide (2 mg/mousc)-treatcd 
DBA/2 mice. Mice with 3-day established intracranial GL26I tumors were 
depleted of T-cell subsets by i.v. injection of 0.2 ml of ascites fluid diluted to 
1.0 ml with HBSS prior to OX-40R mAb treatment. T cell depletion was 
confirmed by flow cytometric analyses of spleen cells from treated animals. 
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Isolation and Characters-don of T Cells from Intracranial Tumors 
and Lymphoid Organs. Anesthetized B6 mice with 10-day established 
GL261 or B16/D5 intracranial tumors were perfused through the left ventricle 
of the heart with 3 ml of HBSS before removal of the brain. Single-cell 
suspensions were prepared by digesting minced brain tissue in 40 ml of HBSS 
containing 1 0 mg collagcnasc (type IV, Sigma) for 60 min at room tempera- 
ture. The cell suspensions were washed in HBSS, resuspended in 10 ml of 50% 
Percoll (Pharmacia, Uppsala, Sweden), and then overlaid with 4 ml of 30% 
Percoll to form a discontinuous gradient in a 15-ml centrifuge tube. The 
gradient was centrifuged at 4°C for 40 min at 1000 X g. Cells recovered from 
the interphase were washed in HBSS before flow cytometric analysis. Single- 
cell suspensions from lymph nodes or spleens were prepared mechanically by 
teasing organs with needles followed by pressing tissue fragments with the 
blunt end of a plastic syringe. Cells were stained by indirect immunofluores- 
cence for the expression of OX-40R using OX40L:immunoglobulin fusion 
protein and FITC-conjugated antihuman IgG (Caltag, South San Francisco, 
CA). Cells were also stained with PE-conjugated anti-CD4 or CD8. The 
membrane fluorescence was analyzed using FACSCalibur (Becton Dickinson, 
Sunnyvale, CA). 

Statistical Analysis. The significance of differences in numbers of pulmo- 
nary metastases between groups was analyzed by the Wilcoxon rank-sum test. 
Differences of numbers of cells infiltrating tumor tissues were analyzed by the 
Student's / test. A two-tailed P of ^ 0.05 was considered significant. 

RESULTS 

Tumor Rejection Induced by OX-40R Antibody Administra- 
tion. In a recent report, the therapeutic effects of in vivo administra- 
tion of either OX-40L: immunoglobulin fusion protein or OX-40R- 
specific mAb in four histologically distinct murine tumors have been 
demonstrated (25). The effects appear to be affected by the intrinsic 
immunogenicity of the experimental tumor. In the present study, we 
further extended these observations by examining the therapeutic 
effects of OX-40R mAb in different animals models and in situations 
in which tumors were growing at different anatomical sites. We 
initially treated mice bearing s.d. tumors of the weakly immunogenic 
MCA 205 fibrosarcoma with OX-40R mAb (150 /xg i.p.) on days 3 
and 7. Fig. 1 depicts the results in which mice inoculated with 1 X 1 0 5 
(Fig. 1, Expt 7) or 3 X 10 5 (Fig. 1, Expt. 2) MCA 205 tumor cells 
responded to the treatment resulting in complete tumor eradication in 
3 of 5 animals. In mice inoculated with 1.5 X 10 6 tumor cells (Fig. 1, 
Expt. 3\ treatment with OX-40R mAb resulted in some retardation 
and delay of tumor growth, but all eventually succumbed to the 
progressive tumors. In all of the tumor doses, inoculation led to 
progressive s.d. tumor growth in control mice. These results, thus, 
indicate that tumor burden may be a limiting factor to the therapeutic 
response of the OX-40R mAb treatment. 

Therapeutic Efficacy of OX-40R mAb for the Treatment of 
Intracranial Tumors. Although the brain has long been considered 
to be an immunologically privileged site, our extensive studies have 
demonstrated the successful treatment of experimental intracranial 
tumors by the systemic transfer of activated tumor-specific immune T 
cells (26, 31). We, therefore, examined the therapeutic effects of 
OX-40R mAb against intracranial tumors. Of the three weakly im- 
munogenic tumors, MCA 205, MCA 203 sarcomas, and GL261 
glioma, intracerebral inoculations of I X 10 5 tumor cells consistently 
resulted in progressive growth of tumors in the brain and killed the 
host with a median survival time of approximately 20 days. Mice 
bearing MCA 205 intracranial tumors responded to the treatment with 
OX-40R mAb and demonstrated the efficacy of therapy was antibody 
dose-dependent. Treatment with 150 /xg mAb i.p. on days 3, 7, and 1 1 
prolonged the survival, but only one of six treated animals was cured 
(Fig. 1A). Treatment with higher antibody doses, either by four 
administrations of 150 /xg on days 3, 7, 11, and 15 or by two 
administrations of 300 /xg on days 3 and 7, demonstrated a higher 
15 
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Fig. !. Induction of antitumor immunity by OX-40R mAb 
against s.d tumors. B6 mice in groups of five were inoculated s.d. 

ur AnJ ° (Expt 3 X 105 V> « 1-5 X 10- (Exp, 3) 
MCA 205 tumor cells. On days 3 and 7. mice were treated by i p 

oS°p S °i H n<n iA) r C ° ntr01 ral IgG (,5 ° ^nj«tion; B), or 
OX-40R mAb (150 /tg/injection; Q. Tumor sizes were estimated 
by measuring perpendicular diameters, and the results are expressed 
as mean diameters of tumors in individual mice. 
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?^ aP ? t,C effi ° aCy reSulting in com P Iete eradication of tumors in 
50 /o of the treated mice. Similarly, for the treatment of MCA 203 
sarcoma and GL26I glioma, i.p. injection of mice with 300 fig of 
OX-40R mAb on days 3 and 7 prolonged survival, and 3 and 4 of 6 
treated animals were cured of tumors, respectively (Fig 2 B and Q 
Increasing the dose of GL261 tumor cells in the tumor inoculum 
resulted m decreased therapeutic effects of the antibody treatment 
(Fig. 2D). In an additional experiment, mice inoculated intracerebral Iy 
with 10 MCA 205 tumor cells were treated with two injections of 300 
/xg of OX-40R mAb 4 days apart commencing on day 3, 5 or 7 
Whereas 2 of 5 mice treated beginning on day 3 were cured 'all* of the 
mice succumbed to the progressive growing tumors when treatment 
was delayed (data not shown). These results thus confirm that the 
tumor burden is a limiting factor as seen in previously experiments 
(Fig. I). 

In an attempt to establish a model system for the treatment of 
poorly immunogenic tumors, we used a cloned tumor cell line Bl6/ 
D5, which was derived from the B16/F10/BL6 melanoma. Previous 
experimental results suggested that the B16/D5 tumor failed to im- 
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munize syngeneic animals using irradiated tumor cells or admixed 
with Corynebacterium parvum as an adjuvant. In addition, lymph 
nodes draining the B16/D5 tumor contained very few immune effector 
cells when adoptively transferred to treat 3-day established pulmonary 
metastases (32). In the present study, intracerebral inoculation of as 
tew as I X 10 tumor cells led to progressive tumor growth that 
eventually killed the animals, with a median survival time of 18 days 
Treatment of intracranial B16/D5 tumor-bearing mice with two ip 
administration of 300 ^g OX-40R mAb on days 3 and 7 did not 
demonstrate any therapeutic effects (Fig. 2£). 

A similar strategy was used to treat pulmonary metastases derived 
from the MCA 205 sarcoma. Mice were injected i v with I X 10 5 
tumor cells suspended in 1.0 ml of HBSS to establish multiple 
metastases in the lung. Such a model system has been used exten- 
sively in the past for evaluating therapeutic efficacy of both active and 
adoptive immunotherapies. Mice bearing pulmonary metastases were 
treated exactly as described above with two i.p. injections of 300 ag 
of OX-40R mAb on days 3 and 7. On day 21, all of the mice were 
killed and metastatic nodules on the surface of the lung were esti- 
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mated. Despite its effectiveness for the treatment of s.d. and intracra- 
nial MCA 205 tumors, the antibody failed to effect tumor growth as 
judged by die numbers of metastatic nodules in treated mice as 
compared with controls (Fig. 2F). 

Cumulatively, this series of experiments confirms the therapeutic 
effect.veness of OX-40R ligation in the induction of tumor eradication 
as cla.med previously (25). The succcssft.1 treatment is mAb dose- 



5517 



dependent and effected by the intrinsic immunogenicity of tumors It 
is also evident that the response of a particular tumor to the treatment 
vanes and is dependent on the histological location of tumor growth. 

Specificity and Long-Term Immunity after Successful Treat- 
ment. To determine whether a long-lasting immunity was induced in 
rn.ee that were cured by the OX-40R mAb treatment, we challenged 
survival animals, 60 days after initial tumor inoculation, with either 
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the same tumor or an antigenically distinct tumor. All of the mice 
cured of MCA 205 primary s.d. tumors (see Fig. 1) resisted a s d 
rechallenge with 3 X 10 5 MCA 205 tumor cells, whereas control, 
naive mice showed progressive tumor growth after tumor challenge 
(Fig. Similarly, mice that survived the intracranial MCA 205 
tumors were resistant to a second intracranial challenge (1 X 10 5 ) 
with the same tumor (Fig. 35). We also tested the specificity of this 
long-term immunity by rechallenging the mice that survived the 
intracranial GL261 tumor as a consequence of OX-40R mAb treat- 
ment with the antigenically distinct MCA 205 tumor. As can be seen 
in Fig. 3C, the growth of MCA 205 intracranial tumors has not been 
affected by the initial rejection of the GL261 tumor. These results 
indicate that the tumor eradication triggered by OX-40R mAb estab- 
lished a long-lasting tumor-specific immunological memory. 

Role of T-Cell Subsets in OX-40R mAb-induced Antitumor 
Response. The above experiments strongly suggest that tumor erad- 
ication by OX-40R mAb treatment was an indirect result of the 
augmentation of antitumor immune responses. Because specificity 
and long-term immunity are maintained by T cells, we examined the 
role of different T-cell subsets in OX-40R mAb-mediated tumor 
regression. Mice inoculated intracranial ly with GL261 tumor cells 
were treated with two courses of OX-40R mAb (300 /u.g/each) i.p. on 
days 3 and 7. Cohorts of treated mice were also injected i.v. with CD4 
(GK1.5) or CD8 (2.43) mAbs to deplete corresponding T-cell subsets 
on day 3 prior to the first OX-40R mAb treatment. The method of in 
vivo depletion of T-cell subsets with mAb has been a routine proce- 
dure in our laboratory. Flow cytometric analysis of spleen cells 14 
days after mAb T-cell depletion revealed a reduction from -20% in 
untreated mice to <2% of CD4 or CD8 T cells in the treated mice. In 
the experiment depicted in Fig. 4, mice treated with OX-40R mAb 
without T-cell depletion showed prolongation of survival and three of 
six mice were cured of the tumor. In animals depleted of either CD4 
or CD8 T cells, the antitumor effects of the OX-40R mAb were 
abrogated. Although OX-40R has been primarily expressed on acti- 
vated CD4 T cells, and the GL26I glioma does not express MHC class 
FT molecules, our results suggest that tumor regression induced by the 
OX-40R mAb treatment required the participation of both CD4 and 
CD8 host T cells. 



Expression of OX-40R on Tumor-infiltrating T Lymphocytes 
and the Susceptibility of the Tumor to mAb Treatment. Success- 
ful treatment of tumors by the OX-40R ligation with mAb seemed to 
be influenced by the intrinsic immunogenicity of the target tumor (see 
Fig. 2). One possible mechanism responsible for the tumor suscepti- 
bility is the abundance of tumor-sensitized precursor T cells during 
the growth of immunogenic tumors. We, therefore, attempted to 
define the OX-40R expression on tumor-associated T cells isolated 
from 10-day-old tumors of both the susceptible immunogenic GL261 
glioma and the resistant poorly immunogenic BI6/D5 melanoma. 
Because successful OX-40R mAb treatment resulted in tumor-specific 
systemic immunity, we also examined the expression of OX-40R on 
splenic T cells from tumor-bearing mice. Quantitatively, in the in- 
tracranial GL261 tumor, there were -25% tumor-associated T cells, 
which is 6-fold more T cells than could be detected in the B16/D5 
tumor (-4.5%, Table 1). It is noteworthy that among tumor-infiltrat- 
ing T cells, there were 26 ± 3% of the GL261 tumor-associated CD4 
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Fig. 4. Role of CD4 and CDS T cells in OX-40R mAb induced intracranial (i.c ) tumor 
regression. B6 mice with 3-day GL26I i.c. glioma were depleted of CD4 or CD8 T cells 
by .v. injections of OKI J (O) or 2.43 (•) mAb. respectively, on day 3, 2 h before » p 
treatment with OX-40R mAb (300 ^injection). The mice were treated again by in 
administration of OX-40R mAb on day 7 (300 /Ag/injection). 
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cells expressing OX-40R, whereas only 1 1 ± 3% of OX-40IT CD4 
cells were detected in the B16/D5 tumor (Fig. 5). Unexpectedly, 
1 1 i 3% and 4 ± 1% of CD8 cells isolated from GL261 and B16/D5 
tumors were OX-40R + , respectively. Analysis of OX-40R expression 
on splenic T cells of GL261 -bearing mice revealed that ~ 1 5% of CD4 
cells expressed OX-40R, whereas only -7% of CD4 T cells from 
B16/D5-bearing mice were OX-40R 4 ". In both tumor systems, no 
OX-40R + CD8 T cells were detected in the spleen (Fig. 5) or lymph 
nodes (data not shown). It is possible that OX-40R + T cells in the 
tumors are the candidate for targeting by the mAb. The observations 
that the therapeutic efficacy is dependent on both the CD4 and CD8 
T cells and the immunogenicity of the treated tumor, support this 
possibility. 

DISCUSSION 

The OX-40R has been reported to be expressed on T cells 
isolated from the inflammatory site in several inflammatory dis- 
eases, including rheumatoid arthritis, graft- versus-host disease, 
and EAE, which suggests that signaling through OX-40R may be 
involved in modulating immune reactions (21-23, 33). In murine 
models, blockade of the OX-40R signaling has been described to 



ameliorate the pathogenesis of EAE (34) and hapten-induccd co- 
litis (35), and, more recently, to attenuate alloantigen-speciflc CTL 
response (36). These observations underscore the role of OX-40R 
signaling in the regulation of immune responses. However, very 
little information is available with regard to its role in the immune 
response to malignancies. This may largely reflect the restriction in 
the expression of OX-40R, which seemed to confine to CD4 T 
lymphocytes (20), and the well-documented, dominant role of CD8 
CTL in the immune response to tumors. It was not until recently 
that CD4 T cells alone were demonstrated to mediate the regres- 
sion of established tumors (26). 

The results of current studies have extended previous findings that 
in vivo engagement of OX-40R by administration of OX-40L:immu- 
noglobulin fusion proteins or OX-40R mAb resulted in significant 
therapeutic benefits in four histologically and immunologically dis- 
tinct murine tumors (25). Whereas our results emphasized the critical 
role of the immunogenicity of tumors to the effects of OX-40R mAb 
treatment, the histological location of tumor growth was also a deter- 
mining factor affecting the outcome of treatment. It is clear that s.d. 
and intracranial tumors were susceptible to the antibody treatment in 
a dose-dependent manner. Established pulmonary metastases from the 
same tumor seemed to be refractory to the effects of mAb. To explain 
the difficulty in treating metastases in the lung, it is possible that 
micrometastases may not facilitate sufficient intratumoral infiltration 
of activated T cells for mAb targeting as compared with solitary s.d. 
and intracranial tumors. This is supported by our recent observation, 
in which therapy with the adoptive transfer of tumor-specific T cells 
in conjunction with OX-40R mAb administration significantly accel- 
erated the antitumor immunity against 10-day established pulmonary 



GL261 glioma 



Fig. 5. Expression of OX-40R on T lymphocytes iso- 
lated from intracranial GL261 glioma or B16/D5 mela- 
noma. Mononuclear cell suspensions were isolated and 
stained with murine OX-40L:Fc-immunogIobulin chi- 
meric protein followed with FITC-conjugated anti-human 
IgG, before being double-stained with either PE-conju- 
gated anti-CD4 or -CD8. By two-color flow cytometry, 
samples were gated on CD4 or CD8 T cells to display the 
expression of OX-40R on each subset. Upper right quad- 
rants, the proportions (%) of the CD4 or CD8 T cells 
expressing OX-40R are indicated. Data are representative 
of three experiments. 
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metastases. 4 It is, therefore, possible that advanced pulmonary metas- 
tases might be more susceptible to the treatment effects of mAb. This 
hypothesis is being tested experimentally. 

The responsiveness of intracranial tumors to the systemic OX-40R 
mAb treatment is intriguing because the brain is considered to be an 
immunologically privileged site because of the existence of the BBB. 
It is also however, possible that the growing tumor in the brain 
disrupts the integrity of the BBB, which allows the entry of antibod- 
ies. Because the OX-40R mAb does not directly interact with tumor 
cells, and its function is targeting the activated T cells by ligation of 
OX-40R on their surface (23), an initial immune response must have 
occurred to generate activated T cells that express the OX-40R. 
Although inflammatory cells are rare in the normal brain, increased 
leukocyte entry occurs in pathological conditions. The physical BBB 
using tight endothelial junctions and glial end-feed, blocks passive 
entry of large molecules but does not stop the active entry of living 
cells (37, 38). Furthermore, in the normal brain, MHC expression is 
minimal. However, both MHC class 1 and II expression can be 
up-regulated on microglia and endothelial cells under the influence of 
IFN-y and other cytokines (39, 40). These cells may serve the func- 
tion of APCs; thus, the growing brain tumors may have created a 
microenvironment conducive to initiating an immune response. In- 
deed, not only have we observed the expression of OX-40R on the 
tumor-associated or tumor-infiltrating lymphocytes but the total num- 
ber of cells and percentages of OX-40R positive cells seems to predict 
their responses to the OX-40R mAb treatment. 

We are aware that the intracerebral route of injection may have 
damaged the BBB, perhaps permitting local entry of lymphocytes and 
the mAb. However, this is unlikely to occur solely after a local injury, 
because there is a lack of inflammatory response in the brain after 
intracerebral injection of sterile PBS (41). The progressive growth of 
a tumor, on the other hand, may disrupt the integrity of the BBB even 
in naturally occurring tumors. It has been reported that the primary 
human gliomas are often infiltrated with lymphocytes, and in the 
peripheral circulation, there exists lymphocytes specifically reactive 
to glioma cells (42, 43). In fact, survival of the glioma patients 
correlates with the degree of lymphocytic infiltration in the tumor. 
Nevertheless, we cannot entirely exclude minor injury as a contrib- 
uting factor in the success of antibody-mediated tumor regression. 

The finding that the poorly immunogenic B16/D5 melanoma was 
not responsive to the therapeutic effects of OX-40R mAb has several 
explanations. It is possible that B16/D5 tumor cells either lack mol- 
ecules that can serve sufficiently as tumor antigens recognized by T 
cells or are deficient in the processing, transportation or presentation 
of such molecules by APCs. It is, relevant therefore, to note that MHC 
molecules (both class I and II) are not detectable on B16/D5 cells. In 
many poorly immunogenic tumors, increasing MHC class I expres- 
sion by transfection with MHC class I genes or IFN-y cDNA resulted 
in an enhanced sensitivity to CTL lysis in vitro and an increased 
infiltration of tumor by CD8 lymphocytes in vivo (10, 44). Further- 
more, B16 melanoma cells transduced with a gene encoding granu- 
locyte-macrophage colony-stimulating factor could elicit a protective 
immunity against challenges with wild-type tumor cells (45). This 
finding may be explained by the production of cytokines and/or 
enhanced expression of MHC and costimulatory molecules induced 
by granulocyte-macrophage colony-stimulating factor. Taken to- 
gether, the failure to treat the B16/D5 melanoma may be primarily 
attributable to insufficient triggering of the initial immune response. If 
this is the case, transduction of tumor cells to express MHC molecules 
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or IFN-y may provide a means of increasing responsiveness to the 
OX-40R mAb treatment against poorly immunogenic tumors. 

As discussed earlier, the administration of 4-1BB mAb eradicates 
established tumors in mice (19). Analysis of mechanisms of tumor 
rejection revealed the participation of both CD4 and CD8 in tumor- 
bearing mice. Because the 4-1BB glycoprotein is expressed on both 
of the activated CD4 and CD8 T cells (18), it is logical to hypothesize 
that the antibody amplifies both CD4 and CD8 immune responses. In 
contrast to the 4-1 BB, the OX-40R has been repeatedly demonstrated 
to be preferentially expressed by activated CD4 T cells (20, 23, 24). 
Our recent studies have demonstrated that appropriately sensitized 
and activated CD4 T cells alone could mediate potent antitumor 
responses when adoptively transferred to tumor-bearing mice (26). 
Because of these findings, we hypothesized a restricted role of OX- 
40R mAb to be amplifying CD4 T cell-mediated antitumor reactivity. 
However, T cell phenotype analysis indicated that both CD4 and CD8 
T cells were required for effective treatment with the OX-40R mAb. 
It was first interpreted that OX-40R signaling on CD4 T cells pro- 
vided an increased T-helper function, which in turn facilitated a CD8 
CTL response. To support this hypothesis is the observation that the 
adoptive transfer of CD8-depIeted spleen cells from OX-40L:immu- 
noglobulin cured mice conferred resistance to tumor challenge in 
naive mice (25). Because of the demonstration of OX-40R + CD8 T 
cells in tumor-infiltrating lymphocytes, it is also possible that the mAb 
directly binds to CD8 T cells and activates them. CD8 T cells have the 
potential to express the OX-40R after stimulation with potent mito- 
gens such as ConA and PHA (46). 

The mechanism by which administered OX-40R mAb may assist 
the generation of antitumor responses or enhance existing antitu- 
mor immunity is poorly understood. It has previously been shown 
that sensitized CD4 T cells exposed to Ag and cocultured with 
B7.1/OX-40L expressing fibroblasts, demonstrate enhanced prolif- 
eration, IL-2 secretion, and prolonged survival (47). Thus, one 
possibility is that the tumor-infiltrating T lymphocytes, sensitized 
in vivo to tumor antigens, were at a stage of differentiation that 
permitted proliferation and activation by the OX-40R mAb liga- 
tion. Because most antigen-sensitized T cells become susceptible 
to activation-induced cell death, and only a minority differentiate 
to become memory T cells (48), ligation of the OX-40R on 
antigen-activated T cells may abrogate or delay the impact of 
activation-induced cell death leading to increased Ag-specific 
memory (49). In addition, OX-40R mAb treatment may shift the 
balance between Thl and Th2 immune responses. Blocking of 
OX-40R signaling has resulted in reducing in vivo transcript for 
Thl cytokines such as tumor necrosis factor-a, IFN-y, IL-2 and 
IL-12 in animals with EAE and bowel disease (34, 35). However, 
in studies with naive CD4 T cells, in vitro activation by the 
OX-40L resulted in promoting Th2 cell development (50, 51). 
Shifting of type 1/type 2 T cell functions as a possible mechanism 
of OX-40R mAb-mediated tumor regression remains to be 
determined. 

In summary, ligation of OX-40R in vivo with antibodies can lead to 
delaying of tumor progression and, in some cases, eradicating tumors. 
The demonstration of OX-40R+ T cells in tumor-infiltrating lympho- 
cytes suggests that they are the targets of antibody binding and 
activation. Therapeutic efficacy of the antibody, however, seemed to 
be limited by the tumor burden. Recently, it has been demonstrated 
that immune responses are regulated, at least in part, by naturally 
occurring CD4 + , CD25 + T cells in normal animal (52). In some 
animal tumor model systems, depletion of this population of regula- 
tory cells resulted in enhanced immune responses and tumor eradica- 
tion (53, 54). Because the therapeutic effect of the OX-40R mAb is 
indirect through the induction of antitumor immune responses, it may 
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be possible to improve the therapeutic efficacy by the removal of 
CD4"\ CD25 + T cells. This hypothesis is being tested in our labo- 
ratory. Finally, the significance of this approach is underscored by the 
fact that similar OX-40R* T cells have been demonstrated in several 
human malignancies including melanoma, head and neck carcinoma, 
and carcinoma of the breast (24, 25). If these cells prove to be 
tumor-sensitized T lymphocytes, ligation of OX-40R mAb may pro- 
vide tumor Ag-specific therapeutic benefits in cancer patients. 
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For good and valuable consideration, the receipt of which is hereby acknowledged, the person(s) 
named below (referred to as "INVENTOR" whether singular or plural) has sold, assigned, and transferred 
and does hereby sell, assign, and transfer to Cell Genesys, Inc. a Delaware corporation, having a place of 
business at 500 Forbes Blvd., South San Francisco, California 94080, ("ASSIGNEE"), for itself and its 
successors, transferees, and assignees, the following. 

1. The entire worldwide right, tide, and interest in all inventions and improvements 
("SUBJECT MATTER") that are disclosed in the provisional application filed under 35 U.S.C 
§11 1(b) or non-provisional application filed under 35 U.S.C §11 1(a) and entided CYTOKINE- 

Expressing Cellular Vaccine Combinations ("APPLICATION"), which: 

CH is to be filed herewith 

was filed on April 2. 2003 



now bearing U.S. application number 10/404.662 ; and 

2. The entire worldwide right, tide, and interest in and to: 

(a) the APPLICATION; (b) all applications claiming priority from the APPLICATION; (c) all utility, 
divisional, continuation, substitute, renewal, reissue, and other related applications thereto which 
have been or may be filed in the United States or elsewhere in the world; (d) all patents (including 
reissues and re-examinations) which may be granted on the applications set forth in (a), (b), (c) and 
(d) above; and (e) all right of priority in the APPLICATION, together with all rights to recover 
damages for infringement of provisional rights. 

INVENTOR agrees that ASSIGNEE may apply for and receive patents for SUBJECT MATTER in 
ASSIGNEE'S own name. 

INVENTOR agrees to do the following, when requested, and without further consideration, in 
order to carry out the intent of this Assignment (1) execute all oaths, assignments, powers of attorney, 
applications, and other papers necessary or desirable to fully secure to ASSIGNEE die rights, tides and 
interests herein conveyed; (2) communicate to ASSIGNEE all known facts relating to the SUBJECT 
MATTER; and (3) generally do all lawful acts that ASSIGNEE shall consider desirable for securing, 
maintaining, and enforcing worldwide patent protection relating to the SUBJECT MATTER and for vesting 
in ASSIGNEE the rights, tides, and interests herein conveyed. INVENTOR further agrees to provide any 
successor, assign, or legal representative of ASSIGNEE with the benefits and assistance provided to 
ASSIGNEE hereunder. K 

INVENTOR represents that INVENTOR has the rights, tides, and interests to convey as set forth 
herein, and covenants with ASSIGNEE that the INVENTOR has not made and will not hereafter make any 
assignment, grant, mortgage, license, or other agreement affecting the rights, tides, and interests herein 
conveyed. 

INVENTOR grants the attorney of record the power to insert on this Assignment any further 
identification that may be necessary or desirable in order to comply with the rules of the United States Patent 
and Trademark Office for recordation of this document. 

This Assignment may be executed in one or more counterparts, each of which shall be deemed an 
original and all of which may be taken together as one and the same Assignment. 
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Application No.: (if applicable) 10/404,662 



Date of Date Declaration 



Name and Signature Signature 




Executed By This Person 



. 2003 




State of CALIFORNIA }s.S. 

County of SAN MATKO } 



On (2y 4 ^/f r a e ^ befQreme ANDRF.WP <!ATVAnnp notaIy public 
for and in the State of California, personally appeared TT^aW/^/L QtggfeM) ^ 



proved to me on the basis of satisfactory evidence to be the person whose name is subscribed to the 
within instrument and acknowledged to me that she executed the same in her authorized capacity and that by 
her signature on the instrument the person, or the entity upon behalf of which the person acted, executed the 
instrument 



WITNESS my hand and official seal. 

ANDREW P, SALVADOR ? 

t COMM. # 1349346 § 
(NOTARY PUBLIC-CALIFORNIA© 
- scj-a^KX ^J5* N MATEO COUNTY 0 

Notary Seal 




Notary 
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Tide of Document ASSIGNMENT 



Re: 
Tide: 



Fded: (if applicable) ^^"^ C ° MB,NATIONS 

Application No.: (if applicable) 10/404.662 



££££ 



Executed B y This Pfrsnn 



P ~ 2003 <f - /> 



Karinjooss ~ 0 <f " <T ?nm 

State of CAT T FORNTA }<; s 

County of SAN MATPf> j 



for 



and fa the Sate of California, pano^y ^g^j ,y „„oo 



paoved ,o m « „„ the basis of satjsfiaoly K ^ ^ ^ ^ ^ ^ sub ^ ^ 



instrument. 



WITNESS my hand and official seal. 

^^^^^^X Notary^ 
Notary Seal — ^. 
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Applicants: Karin Jooss et al. 
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Exhibit C (8 pages) 



ASSIGNMENT 



PATENT 



named bdow'K ^t^m^T^ 1 ^ the persons) 

and does hereby sX^s^aadS to ° f W ^ ^ ^ 

business at 500 FoAes ^vd ^m^f^ to Cell Genesys, Inc. a Delaware corporation, having a place of 

roroes Blvd., bouth San Francisco, California 94080 ("ASSTcTNJFtA « j • 
successors, transferees, and assignees, the following: ™j8u, AabKjMiE ), for itself and its 

("SUBTECT MATOR^r^ f 8 ^ ^V** interest b ^ and improvements 

EXPITCSSINGCm^ CrroONE- 
□ is to be filed herewith 

S was filed on Marrh. 24. 2004 _ 

now bearing U.S. application number 10/807.449 ' ^ 

2. The entire worldwide right, tide, and interest in and to- 

damases for imYkgemen, of provibL ri^ts H ™ h * "** "° KCO ™ r 

ASSIgSo^T" *" ASS1GNEE my WlyfMffid P— for SUBJECT MATTER in 

order ^Tl^^^. S™jfcE? ^ » 
applicdoos, and odaer paper* neceasa^ HSSSSn T"^ 
interests herein convewd; (2) communicate to ACCJPrJTtp jil AooIGNEE the rights, odea and 
MATTER; and (3) ^ daTS^S™^ facta relanng o 4, SUBJECT 

^Tnden^<^ftS^nSdt^ roM ' Vl7 ™ th,,,e °' *« . 
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Title of Document: ASSIGNMENT 



Re: 
Tide: 

Ffled: (H applicable) 

plication No.: flf applicable) 



Cytokine-ExpressingCellular Vaoone Combinations 

March 24, 2002 
10/807,449 



Name and Signature 



in Tons* / 



Karinjooss 



Date of 
Signature 



Date Declaration 
Executed ByThis P^nn 



2004 



^ 2004 



State of CAT.TPQRNTA 
County of SANMATPO 



-} 



On 
for and in 



Qj/State of lalifomia, personally appeared y«2 iP/A/ 1/ i Tb?D C 



notary public 



proved to me on the basis of satisfactory evidence to be the person whose name is subscribed to the 
wrdun mstroment and acWdedged to me that she executed the same in her authorized capacity and that by 
her signature on the instrument the person, or the entity upon behalf of which the person acted, executed the 
instrument 



WITNESS my band and official seal 



Notary Seal 



T\^^ Amm p - SALVADOR k 

COMM. # 1349344 2 
O^L^^NOTARY PUBUC-CAUFORNIA Q 
5w3SP7 SAN MATEO COUNTY 0 
j ^ggg^ COMM. EXP. APRIL 29, 20 06 ^ 




Notary 
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Title of Document: ASSIGNMENT 



Re: 
Title: 

Med: (if applicable) 

plication No.: (if applicable) 



Cytoktne-Expressing Cellular Vaccine Combinations 

March 24, 2002 
10/807,449 



Name and Signature 




County of 




Date of 
Signature 



Date Declaration 

Executed B y This Pgrenn 



.2004 



,2004 



£Zj$m£ before me. ANDREW P SATVAnrrc < notaty public 
California; personally appeared J1&W/7=tE72. £ CgE-£b>ir/ ; 



proved to me on the basis of satisfactory evidence to be the person whose name is subscribed to the 
within instrument and acknowledged to me that she executed the same in her authorized capacity and that by 
her signature on the instrument the person, or the entity upon behalf of which the person acted, executed the 
instrument 



WITNESS my hand and official seal 



Notary Seal 



£ ^WiX ANDREW P. SALVADOR ? 

y/§sa*qttSfc» COMM. # 1349346 i 

O^^^gnNOTARY pubuc-cauforniaB 

2 V^5^7 SAN MATEO COUNTY 0 
I N 3ggg> / COMM. EXP. APRIL 2% 2006 ? 



Notary 
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Tide of Document: ASSIGNMENT 



Re: 
Title: 

Filed: (If applicable) 
Application No.: (if applicable) 



Cytokine-Expressing Cellular Vaccine Combinations 

March 24, 2004 
10/807,449 



Name^and-fr 



Betty Li 




Date of 
Signature 



%± 



Date Declaration 
Executed BvThis Percon 



.2004 



.2004 



State of 

County of SANMATRO 



CALIFORNIA 



On 




}S.S. 
-} 



tyt ^"2?^ before me, ANDREW P. SAT.VAnOK 



for and in tK^State California, personally appeared 8/^7 



_, notary public 



proved to me on the basis of satisfactory evidence to be the person whose name is subscribed to the 
within instrument and acknowledged to me that she executed the same in her authorized capacity and that by 
her signature on the instrument the person, or the entity upon behalf of which the person acted, executed the 
instrument 



WITNESS my hand and official seal 



Notary Seal 



uMiffik ANDREW p - SALVADOR k 

m/^^uSsi COMM. # 1349346 S 
GH?f^g2^NOTARY PUBUC-GALIFORNIaO 



2 ^£^7 SANMATEO COUNTY 0 
l ^^EggS^ COMM. EXP. APRIL 2?. 2006 ^ 




Notaxy 
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Title of Document: ASSIGNMENT 



Re: 
Tide: 

Filed: (if applicable) 
plication No.: fif 



CVHTOKINE-EXPRESSING CELLULAR VAOQNE COMBINATIONS 
March 24, 2004 
10/807,449 




Name and Sig nature 



Rodney Prell 



Date of 
Signature 



^1^1 1 , 200j 



Date Declaration 
Executed R yTbis Vex^ctx 



■^ 2004 



State of CALIFORNIA 
County of SAN TVTATF.n 



On 




-} 



before me, ANDRF.WR SALVADOR 



for and in {fc/State of Dalifornia, personally appeared f^ODM&y A, > fK&J 



notary public 



proved to me on the basis of satisfactory evidence to be the person whose name is subscribed to the 
withm mstrument and acknowledged to me that he executed the same in his authorized capacity and that by 
Ins signature on the instrument the person, or the entity upon behalf of which the person acted, executed the 
instrument 



WITNESS my hand and official seal 



1 ANDREW P. SALVADOR ? 




SAN MATEO COUNTY 0 
. COMM. EXP. APRIL 29, 2006 " 

Notary Seal 



[notary pubuc-cauforniaQ 

Notary 
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Title of Document: ASSIGNMENT 



Re: 

Title: . 

Filed: (if applicable) 
Application No.: (if applicable) 



^^E-^RESSINGCELLULAR VACCINE COMBINATIONS 
March 24, 2004 
10/807,449 



Name and Si^n,* 



Date of 
Signature 




Stote of nATIFQRTVf TA 
County of SANMATPr. 



for and 




0^/(3 I , 9fYVi 



_}S.S. 
-} 



Date Declaration 
Execut/»d By This P^nn 



.2004 



J ^ 1 /^oreme, ANDREW P. 58 AT van™ notaiy publk 



r omia, rwrsonally appeared J'li/.iAPyj fi^u^ ^ 



proved to „ «» 4. basis of S a &faaoiyeviw w ^ fc ^ ^ ^ . sAuAa 

hex suture on the iosooment the person, or the entityupon behalf of which the , ' 
instrument 



■ person acted, executed the 



WITNESS my hand and official seal 



5,^^ ANDREW P. SALVADOR i 

\t ~ , 5 YVj^Py SAN MATEO COUNTY 0 

NotarySeal i ^^^^ COMM . EXP. APRIL 2»,200<-* 



Notary " 
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Tide of Document: ASSIGNMENT 



Re: 
Tide: 

Filed; (if applicable) 
Application No,: (if applicable) 



CVTOKINE-EXPRESSING CELLULAR VAOONE COMBINATIONS 

March 24, 2004 

10/807,449 



Name and Signature 




rina Moskalenko> 



Date of 
Signature 



Date Declaration 
Executed Bv This Perenn 



.2004 



.2004 



State of 

County of 



for and 



CALIFORNIA 



SAN MATEO 




_}S.S. 
-} 



of t'^S^~ before me, ANDRF.WP. SALVADOR 



notary public 



California, personally appeared falPV X/% f*> t<AL£*l j<te 



proved to me on the basis of satisfactory evidence to be the person whose name is subscribed to the 
within instrument and acknowledged to me that she executed the same in her authorized capacity and that by 
her signature on the instrument the person, or the entity upon behalf of which the person acted, executed the 
instrument. 



WITNESS my hand and official seal 



Notary Seal 



,i /^WSK ANPREW P. SALVADOR ? 

.Wfi&i^WKa GOMM. # 1349344 S 




NOTARY PUBUC-CAUFORNIAU 
SAN MATEO COUNTY 0 
I ^tmer COMM. EXP. APRIL 29. 2006/ 




Notary 



Case Docket CELL145.1UB 



Page7of8 



Tide of Document: ASSIGNMENT 



Re: 
Title: 

Filed: (if applicable) 
Application No.: (if applicable) 



Cytokine-Expressing Cellular Vaccine Combinations 

March 24, 2004 

10/807,449 



Name and Signature 




Thomas Du 



Date of 
Si gnature 



Date Declaration 
Executed By This Person 



44 



2001 



,2004 



State of CALIFORNIA }S.S. 
County of SAN MATEO } 




^ /'r^^ before me, ANDREW P. SALVADOR notary public 



for and in rae'State of California, personally appeared ^T/^g^TK^g** /$ 



proved to me on the basis of satisfactory evidence to be the person whose name is subscribed to the 
within instrument and acknowledged to me that he executed the same in his authorized capacity and that by 
his signature on the instrument the person, or tte entity upon behalf of which the person acted, executed the 
instrument 



WITNESS my hand and official seal. 



Notary Seal 




ANDREW P* SALVADOR i 

l COMM. # 1349344 X 
(NOTARY PUBUC-CALTORNIaQ 
SAN MATEO COUNTY (> 
^ COMM. EXP^ A PRIL 29, 2006 ? 




Notary 
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Applicants: Karin Jooss et al. 

Application No.: 10/807,449 
Express Mail Label No. EM015927105US 



Attorney Docket No.: 105576-0033-102 
Confirmation No.: 3354 



Exhibit D (2 pages) 




United States Patent and Trademark Office 

Under Secretary of Commerce for Intellectual Property and 
Director of the United States Patent and Trademark Office 



MARCH 26, 2004 

PIPER RUDNICK LLP 
PERRY E. VAN OVER 
1200 NINETEENTH STREET, N 
WASHINGTON, D.C. 20036-2412 



PTAS 



II 



uHiGft LLP 

MAR 3 0 Z004 ^ 



*102542203A* 



UNITED STATES PATENT AND TRADEMARK OFFICE 
NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT 

THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT DIVISION OF 
THE U.S. PATENT AND TRADEMARK OFFICE. A COMPLETE MICROFILM COPY IS 
AVAILABLE AT THE ASSIGNMENT SEARCH ROOM ON THE REEL AND FRAME NUMBER 
REFERENCED BELOW, 

PLEASE REVIEW ALL INFORMATION CONTAINED ON THIS NOTICE. THE 
INFORMATION CONTAINED ON THIS RECORDATION NOTICE REFLECTS THE DATA 
PRESENT IN THE PATENT AND TRADEMARK ASSIGNMENT SYSTEM. IF YOU SHOULD 
FIND ANY ERRORS OR HAVE QUESTIONS CONCERNING THIS NOTICE, YOU MAY 
CONTACT THE EMPLOYEE WHOSE NAME APPEARS ON THIS NOTICE AT 703-308-9723. 
PLEASE SEND REQUEST FOR CORRECTION TO: U.S. PATENT AND TRADEMARK OFFICE, 
ASSIGNMENT DIVISION, BOX ASSIGNMENTS, CG-4, 1213 JEFFERSON DAVIS HWY, 
SUITE 320, WASHINGTON, D.C. 20231. 

RECORDATION DATE: 09/02/2003 REEL/FRAME: 014451/0187- 

NUMBER OF PAGES : 8 

BRIEF: ASSIGNMENT OF ASSIGNOR'S INTEREST (SEE DOCUMENT FOR DETAILS). 

ASSIGNOR: 

MOSKALENKO, MARINA DOC DATE: 08/08/2003 

ASSIGNOR: 

LI, BETTY DOC DATE: 08/08/2003 

ASSIGNOR: 

AUNG, SANDRA DOC DATE: 08/08/2003 

ASSIGNOR: 

PRELL, RODNEY DOC DATE: 08/08/2003 

ASSIGNOR: 

CRESON, JENNIFER DOC DATE: 08/19/2003 

ASSIGNOR: 

JOOSS, KARIN DOC DATE: 08/08/2003 



P.O. Box 1450, Alexandria, Virginia 22313-1450-www.uspto.gov 



014451/0187 PAGE 2 



ASSIGNEE: 

CELL GENESYS, INC. 
500 FORBES BLVD. 

SOUTH SAN FRANCISCO, CALIFORNIA 
94080 

ss£? sss; 10404662 



MARCUS KIRK, EXAMINER 
ASSIGNMENT DIVISION 
OFFICE OF PUBLIC RECORDS 



* 



Applicants: Karin Jooss et al. Attorney Docket No.: 105576-0033-102 

Application No.: 10/807,449 Confirmation No.: 3354 

Express Mail Label No. EM015927105US 



Exhibit E (2 pages) 




United States Patent and Trademark Office 



Under Secretary of Commerce for Intellectual Property ano 
Director of the United States Patent and Trademark Office 



MARCH 10, 2005 

PTAS 

PIPER RUDNICK LLP 
PING WANG 

SUPERVISOR, PATENT PROSECUTION SERVICES 



HIHli 

102831404A* 

1200 NINETEENTH STREET, N.W. r^.r-.r-r-. ni iV^KliniSX 

WASHINGTON , D.C. 20036-2412 DLA PIPER RUUNIUJ^J 

GRAY CARY US LLP^ 

UNITED STATES PATENT AND TRADEMARK OFFICE f\j\{< ] 52005 
NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT 

THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT DIVISION OF 
THE U.S. PATENT AND TRADEMARK OFFICE. A COMPLETE MICROFILM COPY IS 
AVAILABLE AT THE ASSIGNMENT SEARCH ROOM ON THE REEL AND FRAME NUMBER 
REFERENCED BELOW. 

PLEASE REVIEW ALL INFORMATION CONTAINED ON THIS NOTICE. THE 
INFORMATION CONTAINED ON THIS RECORDATION NOTICE REFLECTS THE DATA 
PRESENT IN THE PATENT AND TRADEMARK ASSIGNMENT SYSTEM. IF YOU SHOULD 
FIND ANY ERRORS OR HAVE QUESTIONS CONCERNING THIS NOTICE, YOU MAY 
CONTACT THE EMPLOYEE WHOSE NAME APPEARS ON THIS NOTICE AT 703-3 08-9723. 
PLEASE SEND REQUEST FOR CORRECTION TO: U.S. PATENT AND TRADEMARK OFFICE, 
ASSIGNMENT DIVISION, BOX ASSIGNMENTS, CG-4, 1213 JEFFERSON DAVIS HWY, 
SUITE 320, WASHINGTON, D.C. 20231. 

RECORDATION DATE: 09/02/2004 REEL/FRAME: 015754/0515 

NUMBER OF PAGES: 9 

BRIEF: ASSIGNMENT OF ASSIGNOR'S INTEREST (SEE DOCUMENT FOR DETAILS). 

ASSIGNOR: 

JOOSS, KARIN DOC DATE: 07/01/2004 
ASSIGNOR: 

CRESON, JENNIFER DOC DATE: 07/01/2004 
ASSIGNOR: 

LI, BETTY DOC DATE: 07/01/2004 
ASSIGNOR: 

PRELL, RODNEY DOC DATE: 07/01/2004 
ASSIGNOR: 

AUNG, SANDRA DOC DATE: 07/01/2004 
ASSIGNOR: 

MOSKALENKO, MARINA DOC DATE: 07/01/2004 



P.O. Box 1450, Alexandria, Virginia 22313-1450-www.uspto.gov 



015754/0515 PAGE 2 



ASSIGNOR: 

DU, THOMAS DOC DATE: 07/01/2004 

ASSIGNEE: 

CELL GENESYS , INC. 
500 FORBES BLVD. 

SOUTH SAN FRANCISCO, CALIFORNIA 
94080 

SERIAL NUMBER: 10807449 FILING DATE: 03/24/2004 

PATENT NUMBER: ISSUE DATE: 

TITLE: CYTOKINE- EXPRES S ING CELLULAR VACCINE COMBINATIONS 



ALLYSON PURNELL, EXAMINER 
ASSIGNMENT DIVISION 
OFFICE OF PUBLIC RECORDS 



